Background. Socioeconomic status (SES) indicators including education, income, and occupation are associated with coronary heart disease (CHD) risk factors, morbidity, and mortality. In most industrialized nations, individuals with less education, lower income, and blue collar occupations have the highest CHD rates. It is suggested by some that these differences by SES are increasing even as age-adjusted CHD mortality declines.
Indicators of socioeconomic status (SES) -education, income, and occupation -have been associated both positively and negatively with coronary heart disease (CHD) risk factors, morbidity, and mortality. [1] [2] [3] [4] [5] International comparisons generally show increased CHD with industrialization and affluence, but variable patterns and trends are found within individual countries.6-9 Early studies beginning in the 1930s in the United Kingdom and United States indicated a positive association between CHD and SES, with the highest SES groups having the most disease.10'11 More recently, an inverse association has been observed in those countries, with similar patterns in New Zealand, Aus- tralia, and the Scandinavian countries.12-15 The lowest SES groups now have the highest CHD rates. Correspondingly, lower SES groups also have the least favorable health characteristics, including obesity, cigarette smoking, hyperlipidemia, hypertension, and lack of physical activity.
It has been postulated that the initial effect of affluence on lifestyle is an increase in risk factors. This is followed by rising health consciousness in high SES groups, resulting in improved health behaviors and lower risk. However, the relative affluence of lower SES groups in many industrialized countries also leads to increased risk not balanced by positive health habits. 4, 9, 16 Other hypotheses for the SES gradient include differential access to health care, social factors, occupational, and genetic factors. 17 Although it is apparent that dynamic changes have occurred in CHD and SES patterns during this century, most information is based on cross-sectional surveys among men. There is little information on trends in risk factors and disease associated with SES, although some authors have suggested that the SES gradient is widening.8 '18 Such trends and their causes are of public health importance if CHD is to be further reduced. Individuals at high risk for CHD must be identified accurately and prevention programs must be designed to meet the needs of those specific groups.
The present study examines several SES factors, ie, education, income, and occupation, in representative samples of men and women surveyed 5 years apart in a large metropolitan area. Trends in risk factors over time were analyzed to determine whether the observed declines in risk factors previously reported19'20 are associated with SES.
Methods
The sampling, survey methods, and laboratory techniques of the Minnesota Heart Survey have been reported previously. 21 The study involved a series of cross-sectional probability samples of the MinneapolisSt. Paul seven-county metropolitan area. The area was divided into 704 clusters of approximately 1000 households based on census information. Forty clusters were randomly chosen, and from 5% to 10% of households within these clusters were randomly selected without replacement for enumeration in 1980 to 1982 Knowledge of CHD and its risk factors was ascertained by an 11-item multiple choice questionnaire. Scores are reported as the number correct. Medication history was based on observation of pill bottles in the home. Cigarette smoking was defined by the question, "Are you currently smoking cigarettes?" This is highly correlated with serum thiocyanates in our surveys.
Blood pressure was measured by trained technicians using a random zero sphygmomanometer on the right arm of seated participants after a 5-minute rest. The average of two measures of systolic and diastolic (fifth phase) blood pressures was taken. Hypertension was defined as having a diastolic blood pressure >90 mm Hg and/or taking antihypertensive medications.
Blood specimens were obtained and analyzed for serum total cholesterol by the protocol of the Lipid Research Clinics using a Technicon Autoanalyzer II (Technicon, Tarrytown, NY). In addition to the standardization program of the Centers for Disease Control, the lipid measurements were controlled for stability over time by internal quality control procedures.
Leisure time physical activity (LTPA) is based on the Taylor Questionnaire in a 50% subsample.22 This instrument assesses the past year's activity.
The CHD risk score was developed from a previous analysis of the Framingham data. 23 The published multiple logistic equation using age, systolic blood pressure, serum cholesterol, and current cigarette smoking as risk factors was used to determine risk of CHD death in 10 years of follow-up for each individual. These 10-year CHD risk estimates underwent log transformation to normalize the distribution in data analysis reported below.
Statistical Methods
In sex-specific analyses, the various outcome variables (eg, serum cholesterol, blood pressure) were regressed on age, time, education, and income, from which tests of time trend, education, and income effects were derived. Education effects were not adjusted for income and vice versa. Education and income level by time interactions were tested in separate regression models to determine if changes over time differed among these people. Linear regression methods were used for continuous outcomes Table 1 describes the sex, education, and household income distributions of these samples. The mean age of the population was lower with increasing education levels, whereas income increased with age ( Table  1) . Because of these strong associations, all presentations were adjusted for age. (Table 3) . For women, blood pressure was also inversely related to education level; however, unlike men, systolic blood pressure fell be- Cigarette smoking for both men and women declined over time and was strongly inversely related to education (Table 5 ). The proportion of college graduates actively smoking is one-half to one-third that observed for the least educated groups. As shown in Table 5 , the decline between surveys occurred for both men and women unrelated to education level. Identical patterns were observed for income with the highest income groups having the lowest smoking levels. No significant interaction between time and income was observed.
Body mass index (BMI) differed from most other risk characteristics in that it increased over time (Table 6 ). (Table 8) . Health knowledge increased between the two surveys, and knowledge was positively associated with education level and income in men and women. The time by income and education interactions were not significant.
As might be expected from the individual risk factor data, the overall CHD risk was strongly related to education for both men and women (Table 9 ). Predicted 10-year CHD mortality is highest in the least-educated and least-affluent groups for both men and women. The Although differences in the distribution of the known risk factors explain much of the observed SES differences in CHD morbidity and mortality, other factors may also be at work.6 Factors that may differ by SES group include (1) lifestyle and associated health behaviors, (2) economic deprivation, (3) social stresses, (4) It may be suggested that the Minneapolis-St. Paul metropolitan population is unique. The small number of people with less than a high school education in this survey differs from many areas in the country. The national origins of this population are predominantly Northern European. Minnesota has among the highest high school completion rates in the country. Similarly, there were few minority participants in this survey and in the metropolitan area. However, a parallel study of blacks living in Minneapolis found that many CHD risk characteristics in that group are similar to the white population surveyed. 33 Our results, while showing trends for less-educated citizens in this area, may not accurately reflect those of very low education and minority groups in other parts of the country and limit the generalizability of this study. In addition, the possibility exists that part of the similarity of risk factor change across SES groups represents differential participation by high versus low SES groups, although these differences in participation were constant over time.
It is difficult to ascertain the role of access to medical care in this population. It is of interest that all education and income groups were equally likely to be detected and taking blood pressure lowering medications. This suggests that there is not lack of access to treatment, at least for this common condition.
Although the observations described here indicate that risk characteristics in all SES segments of the community are improving over time, it is clear that significant social class differences persist. Low-education groups continue to have the highest level of risk characteristics and the highest expected CHD rates. The challenge is to continue the downward trend in all groups and to focus particularly on low SES groups, who continue to face excess risk of CHD.
